Introduction: The study examined the concentration of total mercury and correlation coefficients between fish size or FCF (condition factor) and the content of Hg in muscle tissue of six freshwater fish: bream (Abramis brama L.), roach (Rutilus rutilus L.), whitefish (Coregonus lavaretus L.), vendace (Coregonus albula L.), perch (Perca fluviatilis L.), and pike (Esox lucius L.). Material and Methods: The fish were caught from the Lake Pluszne located in the Olsztyn Lake District (Poland). Mercury was analysed by atomic absorption spectrometry using Milestone DMA-80 (with dual-cell). Results: The content of the element in the muscles of the examined fish was as follows: pike (0.197 mg/kg) ≈ perch (0.173 mg/kg) > vendace (0.114 mg/kg) ≈ roach (0.095 mg/kg) and roach ≈ whitefish (0.065 mg/kg), and whitefish ≈ bream (0.042 mg/kg) (p ≤ 0.05). In all cases, the content of mercury correlated positively with the body weight and total length of the fish. Only the correlation coefficients between mercury concentration and weight or length of bream were slightly higher (0.979 and 0.977 respectively, p ≤ 0.001). The length and weight relationship of the fish was also determined. Conclusion: The results showed that the levels of mercury were lower than the maximum acceptable limit established by the Commission Regulation (EC) No 629/2008 of 2 July 2008. Thus, they are safe from consumer health point of view.
Introduction
The amount of metal absorbed by fish is determined by various aquatic organisms (plants, phytoplankton, zooplankton, snails, insect larvae, fish-fry, phytophagous, turbellarians, nematodes, mites, fish feeding on plankton, and predatory fish) belonging to food chains of the aquatic environment. Kehrig et al. (10) showed the transfer of total mercury from the lower trophic level-prey to the top-level predator; it means that the content of mercury increased with the advance in food chain. Atmospheric deposition, domestic sewage, and industrial wastewater are the main sources of waterborne metals, including mercury (4, 9) . Dissolved forms of mercury enter the body through respiratory epithelium of the gills and gill cavities, as well as through the olfactory epithelium and skin. Bound forms of mercury and those absorbed by feed surfaces infiltrate through the alimentary canal (24) . Mercury is a particularly dangerous food contaminant and does not perform any biological functions, in neither human nor animal organisms. A high concentration of mercury in fatty tissue of fish may diminish the beneficial effects of its n-3 fatty acids (7) . Fish can be seen as an effective indicator of food and aquatic environment contamination with some elements and compounds. Boyd (3) reported that heavy metals in freshwater habitats can modify chemical communications between individuals and can affect ecological relationship both intra-and interspecies. Jezierska and Witeska (9) reported that the content of mercury in fish is affected by many factors, such as fish species, body weight, total length, body condition. Consequently, the aim of the present study was to determine the dependence between the size (body weight and total length) or condition factor and the concentration of mercury in the muscles of freshwater fish, and to evaluate the interspecies differences in the content of this metal. As a continuation of previous studies, this research also intends to establish whether there has been an increase in fish mercury pollution.
Material and Methods
Bream (Abramis brama L.), roach (Rutilus rutilus L.), whitefish (Coregonus lavaretus L.), vendace (Coregonus albula L.), perch (Perca fluviatilis L.), and pike (Esox lucius L.) were caught from the lake Pluszne located in the Olsztyn Lake District (Poland). Sample fish were transferred to the laboratory on the same day, where the body weight (±0.1g) and total length (±0.1 cm) of each fish were measured ( Table 1 ). The muscles were taken from the dorsal section, and then they were mixed and stored in polypropylene bags at -30°C prior to analysis. Each sample was prepared from the organs taken from one specimen.
Duplicate muscle samples of up to 270 mg (±0.0001 g) were weighed in a quartz boat and analysed according to the Application Book (only for Direct Mercury Analyzer), included with the software (DMA 80 PC/T640/1640rev.o2 A or higher). The total mercury concentration was processed with atomic absorption spectrometry thermal decomposition using Milestone DMA-80 (with dual-cell). Parameters of ramp for drying and decomposition (temperature/time respectively) were as follows: max. start temperature -200°C for 60 s, drying -160°C for 60 s; decomposition (burned in the oxygen flow) -650°C for 60 s. The absorption wavelength was 253.65 nm (detection limit -0.005 ng Hg) and the detector comprised UV enhanced photodiodes. The analysis method was tested by measuring the elements in reference material: BCR CRM 422 (muscles of cod Gadus morhua (L.)). The percentage recovery rate was 100.2% (n = 4).
The data were calculated using the one-way analysis of variance ANOVA (Duncan's test) (STATISTICA 10) to evaluate interspecific differences in mercury content in fish muscles. Levene's test for homogeneity of variance showed that variances in different groups were homogenous. Differences at p < 0.05 were found significant. The length-weight relationship and the correlation coefficients between the content of mercury and condition factor, body weight and total length of fish were calculated using a STATISTICA 10 programme.
The condition of fish was calculated with Fulton's condition factor (FCF): FCF = 100 * W/L³, where: W -total body weight of fish (g), L -total length of fish (cm).
Total length-weight relationship of each fish was determined by the formula: W = a L ᵇ and expressed in its logarithmic form of linear equation as: Log W = Log a + b Log L, where Log W -(y); Log L -(x), a (intercept of the line on y) and b (slope of the regression line) were constants. Table 1 shows the content of total mercury in the muscles of the fish studied. Differences in mercury concentration in the muscle tissue of predatory fish (pike and perch) and non-predatory fish (roach, bream, vendace, and whitefish) were observed (p ≤ 0.05). The muscles of pike and perch contained more mercury (0.197 and 0.173 mg/kg respectively) than other fish: roach -0.095 mg/kg, bream -0.042 mg/kg, vendace -0.114 mg/kg, and whitefish -0.065 mg/kg. There were no significant differences between the content of mercury in the muscles of pike and the muscle tissue of perch (p > 0.05). Similar differences between the following groups: roach and vendace; roach and whitefish; whitefish and bream, were not statistically significant (p > 0.05).
Results
The concentration of total mercury in muscles was positively correlated with body weight and total length of the fish ( Table 2 ). The correlation between the body weight and total length of bream and total mercury content was the highest (r = 0.979 and 0.977, p = 0.0000 respectively). The correlation coefficients also indicated that there was a strong significant positive relationship (p = 0.002) between mercury level in the muscle of perch and body weight (r = 0.962) and total length (r = 0.963). The next strongest positive correlation was observed between total mercury content in muscles of pike or whitefish and body weight (r = 0.946, p = 0.004, and r = 0.961, p = 0.002, respectively) and total length (r = 0.945, p = 0.004 and r = 0.957, p = 0.003, respectively). In the other fish species the correlation coefficients between total mercury concentration and fish body weight were not significant: r = 0. n -number of fish; p -significance levels,, FCF -Fulton's condition factor, W -relative condition factor, SE(b) -standard error, a -intercept of the line on y, b -slope of the regression line
Discussion
In this study, predatory fish displayed a higher content of mercury than non-predatory fish (Table 1) . Similar observation was reported by Łuczyńska et al. (15) . These results are also consistent with those of Havelková et al. (8) and Svecevičius et al. (22) . The highest content of mercury in the muscles of predatory fish (asp, pike, pikeperch) was observed by Kenšová et al. (11) , but the differences between pike and bream were insignificant. Máršalek et al. (16) noted the highest content of mercury in the muscles of asp, followed by eel (Anguilla anguilla L.) and bighead carp (Aristichthys nobilis), bream and roach. Benthophagous species (roach) from the Šalek lakes (Slovenia) also contained lower amount of mercury (0.08 mg/kg) (1). Muscles of roach from the Hamry fresh water reservoir on the Chrudimka River (Czech Republic) accumulated a lower amount of mercury than bream, an omnivorous fish species, and perch (5); in contrast, muscle mercury content in fish from natural water of West Pomerania ranged from 0.01 (bream) to 0.19 mg/kg (pike) (13) . The findings regarding the muscles of pike are in agreement with the results of the present study (Table 1) Previous studies showed that the mercury content in the muscles of pike, perch, and roach from the Lake Pluszne was 0.146-0.367, 0.104-0.530, and 0.100-0.198 mg/kg, respectively (14) . The same authors observed that the amount of mercury increased with rising body weight and length, regardless of the species or their habitat. According to Sakizadeh et al. (21) , the positive correlation between total mercury concentration in the muscles of pike and its body weight was significant (r = 0.950, p = 0.023), whereas the positive relationship between mercury content in muscle tissue of pike and the length of these specimens was insignificant (r = 0.796, p = 0.09). Correlation coefficient between the length of pike from small boreal lakes (Southern Finland) and mercury content in their muscles was r = 0.68, p < 0.001 (23) ; however, the concentration of mercury in the muscles of perch from the Lake Velenjsko (Slovenia) did not depend on the length of this fish (r = 0.01). Nevertheless, a positive correlation was found in the muscles of roach (r = 0.51, p < 0.05) (17) . The relationship between mercury content and the length or weight of pike, perch, and whitefish was investigated by Moreno et al. (19) . These authors found a significant positive correlation between these parameters.
Voigt (25) In conclusion, our study demonstrated that predatory fish had a higher content of mercury than non-predatory fish, showing that mercury increases with the advance in food chain of the aquatic environment. The mercury content in the muscles of fish did not exceed the maximum acceptable level according to the Commission Regulation (EC) No 629/2008 of 2 July 2008, which is 1.0 mg/kg for pike and 0.5 mg/kg, for the rest of the fish examined. Therefore, from consumers' health point of view, no objections can be raised concerning the examined fish species.
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